INTRODUCTION
Enteric fever remains a serious health problem in many regions of the world. The aetiologic agents are Salmonella enterica serovar Typhi, and Salmonella enterica serovar Paratyphi A, B and C. Although paratyphoid fever is less severe than typhoid fever, recent disease activities suggests that Salmonella Paratyphi A could increase in importance in the future. Outbreaks associated with this organism are thought to be exceedingly rare but there have been reports of outbreaks in New Delhi, India (Kapil et al. 1997 ) and in Singapore (Teoh et al. 1997) , both occurring in 1996, and recently in Japan (Matsumoto et al. 2000) . Salmonella Paratyphi A, which causes 1-15% of enteric fever cases in India, has been increasing since 1996 (Sood et al. 1999) . Although multidrug-resistant outbreaks of Salmonella Typhi with an increase in numbers of strains with decreased susceptibility to ciprofloxacin have occurred, cases of drug-resistant Salmonella Paratyphi A have been relatively uncommon (Mahanta 1994) . With regard to the molecular epidemiology of bacterial pathogens, we have witnessed an increasing interest in the development of molecular approaches which are reproducible and highly discriminatory for differentiating individual strains of bacterial pathogens. The technique of PFGE, in particular, has been widely used for molecular epidemiological investigations of infections caused by a range of bacterial pathogens, and is currently the standard method for molecular subtyping of Salmonella spp. Previously, we have subtyped Salmonella Paratyphi A isolates from India and found that the outbreak isolates were limited in genetic diversity as compared to sporadic isolates (Thong et al. 1998) . In this study, we extend the studies to include strains from Pakistan, Indonesia and Malaysia to assess the extent of genetic diversity of Salmonella Paratyphi A from different endemic countries.
MATERIALS AND METHODS

Bacterial strains
A total of 39 clinical isolates of Salmonella Paratyphi A obtained from different individuals with cases of paratyphoid fever were used in this study. Twelve isolates were from Pakistan (seven antimicrobial-resistant strains, five antimicrobial-sensitive strains), 16 isolates from India (13 outbreak strains, three sporadic strains), seven isolates from Indonesia and four isolates from Malaysia. Two strains of Salmonella Typhi (ATCC 6539 and ATCC 7251) were also included in this study.
Antibiotic disc diffusion testing
The isolates were tested against ampicillin (10 lg), chloramphenicol (30 lg), cotrimoxazole (25 lg), nalidixic acid (30 lg), kanamycin (30 lg), streptomycin (10 lg), sulphamethoxazole (25 lg) and tetracycline (30 lg) by using the Kirby-Bauer disc diffusion method on Mueller-Hinton plates (Bauer et al. 1966) . Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used for quality control purposes.
Preparation of DNA
Chromosomal DNA for pulsed-field gel electrophoresis (PFGE) analysis was prepared in agarose plugs as previously described (Thong and Pang 1996) . Very briefly, pelleted cells from an overnight culture were suspended in 0AE5 ml of sodium chloride-Tris buffer (SB) solution (10 mmol l )1
Tris-HCl, pH 7AE5; 1 mol l )1 NaCl). The suspension was then mixed with an equal volume of 1AE5% low melting point agarose (Incert agarose, FMC Bioproducts, Rockland, ME, USA) in plastic moulds. The agarose blocks/plugs containing the bacterial cells were transferred to bijou bottles containing 2 ml of lysis buffer (6 mmol l )1 Tris-HCl, pH 7AE5; 100 mmol l )1 EDTA, pH 8AE0; 1 mol l )1 NaCl; 0AE5% Brij 58; 0AE2% sodium deoxycholate; 0AE5% sodium lauryl sarcosine; 1 mg ml )1 lysozyme; 1 U ml )1 RNase) and incubated overnight at 37°C. The plugs were then subjected to overnight digestion with Proteinase K (1 mg ml )1 ) followed by extensive washing with TE buffer (10 mmol l )1
Tris-HCl; 10 mmol l )1 EDTA, pH 8AE0).
PFGE analysis
Slices of DNA-containing agarose plugs were digested overnight with 20 U of XbaI (Promega) at 37°C and then electrophoresed on a CHEF-DR II/III system (Bio-Rad Laboratories) for 26 h at 6 V cm )1 , with a ramped pulsed time of 2-40 s at 12°C. Lambda DNA concatemer PFG marker was used as a DNA size standard. The gel was stained with ethidium bromide (1 lg ml )1 ; Sigma) for 15 min, destained in distilled water for 15 min, and photographed under u.v. illumination.
Data analysis
DNA fragment patterns were assessed visually, and distinct profiles assigned an arbitrary restriction endonuclease analysis (REA) pattern. Isolates were considered to be genetically similar or identical if there was complete concordance of the DNA fragment profiles and were considered different if there was a difference of one or more DNA bands. Dice coefficients of similarity were calculated to compare the macrorestriction patterns (El-Adhami et al. 1991) . This coefficient, F, expresses the proportion of shared DNA fragments in two isolates and was calculated by the following formula: F ¼ 2n XY /(n X + n Y ), where n X is the total number of DNA fragments from isolate X, n Y is the total number of DNA fragments from isolate Y, and n XY is the number of DNA fragments that were identical in the two isolates. By this assessment F ¼ 1AE0 indicates complete identity and F ¼ 0, complete dissimilarity. Clustering was based on the unweighted pair group average method (UPGMA) and was performed with GelCompar; Applied Maths, Kartrijk, Belgium.
RESULTS
A total of 39 human isolates of Salmonella Paratyphi A isolated from blood were used in this study. Twelve of these isolates were from the sporadic cases of paratyphoid fever in Pakistan where seven of these isolates were resistant to ampicillin, tetracycline and cotrimoxazole. Another 13 isolates were from an outbreak in New Delhi, India which occurred in September-October, 1996 (Kapil et al. 1997) . Three isolates from sporadic cases isolated at about the same time as, but unrelated to, the outbreak in India were also included in this study. All the Indian strains were phage type I and were sensitive to the antibiotics tested. Another seven isolates were from the sporadic cases of paratyphoid fever in Indonesia. Four unrelated Malaysian Salmonella Paratyphi A isolates and two ATCC strains (Salmonella Typhi) were included for comparative and control purposes. PFGE analysis of Salmonella Paratyphi A isolates, following digestion of chromosomal DNA with XbaI (5¢-TCTAGA-3¢), gave stable and reproducible DNA fragment patterns on repeated analysis (on three separate occasions). The total number of fragments generated ranged from 16 to 22 with sizes ranging from 20 kbp to 600 kbp which could be easily discerned and analysed. Among the 39 Salmonella Paratyphi A strains analysed, 17 XbaI-PFGE profiles (X1-X10a) were observed (Table 1 ; Fig. 1a,b) . Significant diversity was detected among these isolates as evidenced by the F-values, which ranged from 0AE29 to 1AE0. With regards to the interpretation of PFGE patterns, it has been proposed that strains with identical PFGE patterns are clonal and strains with one or three band differences are closely related (Tenover et al. 1995) . The 12 isolates from Pakistan showed four pulsed-field profiles (PFPs) X5-X5c (F ¼ 0AE88-1AE0). Three PFPs (X5-X5b) which differed in only 1-3 bands (F ¼ 0AE94-1AE0) were shared among the 11 Pakistani isolates consisting of sensitive and resistant strains of Salmonella Paratyphi A indicating that these isolates were closely related. One sensitive isolate (SPA 37) showed possible relatedness to the resistant isolates mentioned above as indicated by PFPs X5c which differed by four bands only. Isolates from the Indian outbreak showed four PFPs, i.e. X1-X1c (F ¼ 0AE78-1AE0) which differed only in 1-4 bands. The three sporadic isolates from India gave three different PFPs, i.e. X2-X4 (F ¼ 0AE59-1AE0) which were unique and distinctly different from each other. Isolates from Indonesia showed two closely related PFPs, i.e. X10-X10a (F ¼ 0AE92-1AE0) which differed by three bands only. A dendrogram, based on the matrix of F-values, was constructed using a clustering algorithm of the unweighted pair group arithmetic means method (UPGMA) (Fig. 2) . Based on the 80% similarity, there were two major clusters of Salmonella Paratyphi A isolates. The 12 Pakistani isolates and two Malaysian isolates were grouped into one major cluster which shared six PFPs designated as X5-X7. The 13 outbreak isolates from India were grouped into another major cluster which shared only four closely related PFPs. In contrast, the three sporadic isolates from India gave PFGE patterns which were unique and distinctly different from one another. Four unrelated Malaysian Salmonella Paratyphi A isolates gave profiles which were very different compared to the Indian isolates but possibly related to Pakistani isolates. Two Salmonella Typhi ATCC strains gave two profiles (X11-X11a) which were very different compared to the Indian, Pakistan, Indonesian and Malaysian isolates as evidenced by the F-values, which ranged from 0AE19 to 1AE0 indicating that PFGE was useful in distinguishing different serovars of Salmonella.
DISCUSSION
From this study, it was noted that PFPs of XbaI-digested genomic DNA from antimicrobial-resistant and -sensitive isolates of Salmonella Paratyphi A from Pakistan were closely related. However, PFGE was not able to distinguish the sensitive and resistant isolates of Salmonella Paratyphi A from Pakistan in this study. PFGE was able to subtype the drug-resistant strains into three groups (PFPs X5-X5b; F ¼ 0AE94-1AE0) with a predominant pattern X5 which was also the main pattern observed among the sensitive strains. This pattern was unique to the Pakistani strains. We would thus conclude that the 12 sporadic isolates from Pakistan were caused by a few closely related clones, or even by a single clone of the organism. This suggests that the resistant isolates have derived from a sensitive progenitor strain in Pakistan which was already endemic in the country. Chandel et al. (2000) suggested that the increase in incidence of enteric fever caused by Salmonella Paratyphi A could possibly be related to widespread use of vaccines and quinolones against Salmonella Typhi in the past decade in India. A previous study (Chandel et al. 2000) also suggested that the incidence of plasmids conferring multidrug resistance is increasing in Salmonella serotypes, including Enterobacteriaceae, where transfer of these R-plasmids to Salmonella Paratyphi A strains may have occurred. However, a detailed analysis of such variations, i.e. whether the property of antibiotic sensitivity or resistance was plasmidmediated or chromosomal-based, has not been determined in this study. Therefore, continuous surveillance for the susceptibility patterns of current field isolates is necessary. PFGE further subtyped the outbreak isolates from India into four groups (PFPs X1-X1c) with a predominant pattern X1 (5 out of 13 isolates). The present study re-confirms the genetic variations of Indian Salmonella Paratyphi A isolates in that limited diversity was observed among the outbreak strains (Thong et al. 1998) . We would thus conclude that the outbreak in New Delhi, India was caused either by a few closely related clones, or even by a single clone of the organism. Based on the assumption that a single clone was involved, the data obtained in this study suggested that minor genetic changes were occurring among the Salmonella Paratyphi A isolates during the course of the two month outbreak in India. This observation is in agreement with the high mutation rates (Leclerc et al. 1996) and the plasticity of the genome of Salmonella spp. associated with enteric fever (Liu and Sanderson 1996) . It is not known at this stage how these changes affected the biological behaviour of these isolates and this issue will be the subject of further study. The present analysis of Salmonella Paratyphi A by PFGE had provided some valuable insights into the molecular epidemiology of paratyphoid fever in India, Pakistan and Indonesia. It is clear from the data that considerable genetic heterogeneity exists at the DNA level among Salmonella Paratyphi A isolates from different geographical regions in Asia. However, significant genetic homogeneity was observed among the drug-resistant isolates of Salmonella Paratyphi A from Pakistan and drug-sensitive isolates from Indonesia, respectively. These results suggest that a limited number of clones are responsible for paratyphoid fever in these countries. Our results further support the report made by Matsumoto et al. (2000) suggesting significant genetic homogeneity among Salmonella Paratyphi A belonging to different phage types, which is in contrast to the genetic heterogeneity commonly reported for antimicrobial-sensitive strains of Salmonella Typhi (Thong et al. 1995) . Interestingly, two unrelated Malaysian Salmonella Paratyphi A isolates showed possible related PFGE patterns among the Pakistani isolates, implying mobility and movement of the strains in the Asian region. This finding is perhaps not surprising in consideration of the extensive movement of migrant workers and visitors between the two countries. It should be pointed out, however, that the possibility still exists that similar strains have a common ancestry. It is also important to emphasize that the phenotypic correlates of these genetic differences are unknown and the clinical significance of these genetic differences and their importance with regard to the virulence of individual strains remain to be evaluated.
